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Abstrat
We suggest that the Large Mixing Angle MSW solar solution, whose unique physial
status is ondently supported by the reent results from KamLAND experiments, gets its
justiation in the fermion universality, interpreted for neutrinos and harged leptons in
a straightforward way, most readily in the framework of seesaw mehanism. To this end,
we onsider an expliit seesaw model, where Dira and (righthanded) Majorana neutrino
masses are simultaneously measurable, and both are onjetured to be proportional to
harged-lepton masses. However, the LMA solar solution is also not inonsistent with the
simple option, where neutrinos are Dira partiles arrying masses proportional to those
of harged leptons.
PACS numbers: 12.15.Ff , 14.60.Pq , 12.15.Hh .
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As is known, the rst results from the KamLAND long-baseline experiments for reator
ν¯e's [1℄ shows that the Large Mixing Angle MSW solution an be ondently onsidered
[2,3,4,5,6℄ as the unique osillation solution to the problem of solar νe's. The best-t
estimate is ∆m221 ≡ m22−m21 ∼ 7× 10−5 eV2 and tan2 θ12 ∼ 0.42 (θ12 ∼ 33◦). The bilarge
mixing matrix for ative neutrinos νeL, νµL, ντL,
U ≃

 c12 s12 0− 1√
2
s12
1√
2
c12
1√
2
1√
2
s12 − 1√2c12 1√2

 , (1)
where c23 = 1/
√
2= s23 (θ23 = 45
◦) and s13 = 0, deribes then orretly the deits of both
solar νe's and atmospheri νµ's [7℄ as well as the absene of osillations of reator ν¯e's in the
Chooz experiment [8℄. It gives, however, no LSND eet for aelerator ν¯µ's and νµ's [9℄,
unless a third independent neutrino mass-squared sale of the order O(1eV2) is introdued
beside ∆m221 and ∆m
2
32 into the theory. This eet will be reinvestigated soon in the
MiniBOONE experiment. The SuperKamiokande experiments for atmospheri νµ's [7℄
lead to the best-t estimate∆m232 ≡ m23−m22 ∼ 3×10−3 eV2 and sin2 2θ23 ∼ 1 (θ23 ∼ 45◦).
In the avor representation (used hereafter), where the harged-lepton mass matrix
is diagonal, the mixing matrix U is diagonalizing at the same time the ative-neutrino
eetive mass matrix [as given in Eq. (4)℄.
The unique experimental status of Large Mixing Angle MSW solar solution requires
now its theoretial explanation or, at least, its phenomenologial orrelation with other
elements of neutrino physis. In this note we suggest that suh a justiation follows from
the fermion universality interpreted for neutrinos and harged leptons in a straightforward
way, where both Dira and Majorana masses are involved.
To this end, let us onsider an expliit model for the seesaw mehanism [10℄, where
the lefthanded, Dira and righthanded 3 × 3 omponents of the neutrino generi 6 × 6
mass matrix
(
M (L) M (D)
M (D) T M (R)
)
(2)
are
1
M (L) = 0 , M (D) = U diag(λ1, λ2, λ3)U
† , M (R) = −U diag(Λ1,Λ2,Λ3)U † , (3)
respetively, with U as given in Eq. (1) [note thatM (D) andM (R) ommute i.e., are simul-
taneously measurable, what haraterizes the neutrino texture (3)℄. Here, all λ1, λ2, λ3 ≪
all Λ1,Λ2,Λ3 and all ≥ 0. Then, the eetive 3× 3 mass matries for ative and (onven-
tional) sterile neutrinos, ναL and ναR (α = e, µ, τ), are
M (L) eff = −M (D) 1
M (R)
M (D)T = U diag
(
λ21
Λ1
,
λ22
Λ2
,
λ23
Λ3
)
U † (4)
and
M (R) eff = M (R) = −U diag(Λ1,Λ2,Λ3)U † , (5)
respetively. Hene,
mi =
λ2i
Λi
, Mi = −Λi (6)
are masses (being Majorana masses) of mass neutrinos νiL and νiR (i = 1, 2, 3), respe-
tively, onneted with the avor neutrinos ναL and ναR (α = e, µ, τ) through the unitary
transformations
ναL =
∑
i
UαiνiL , ναR =
∑
i
UαiνiR , (7)
where U = (Uαi) gets the form (1).
The generi neutrino mass term in the Lagrangian is
− Lmass =
1
2
∑
αβ
(
ναL , (ναR)c
)( M (L)αβ M (D)αβ
M
(D)
βα M
(R)
αβ
)(
(νβL)
c
νβR
)
+ h. c. (8)
and leads, in the ase of ative neutrinos, to the eetive mass term
− L(L) effmass =
1
2
∑
αβ
ναLM
(L) eff
αβ (νβL)
c + h. c. (9)
with M (L) eff as given in Eq. (4).
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Notie that λi and Λi appearing in Eq. (3) are (simultaneously measurable) Dira and
righthanded Majorana masses, respetively, for the set of six mass neutrinos arising from
the set of six avor neutrinos whih inludes three ative ναL and three (onventional)
sterile ναR. The fermion universality applied to neutrinos and harged leptons may mean
that proportionality (at least approximate) ours between their Dira masses,
λ1 :λ2:λ3 ≃ me:mµ:mτ , (10)
implying due to the rst Eq. (6) the relation
m1:m2:m3 ≃
m2e
Λ1
:
m2µ
Λ2
:
m2τ
Λ3
. (11)
Here, me = 0.510999 MeV, mµ = 105.658 MeV and mτ = 1776.99
+0.29
−0.26 MeV [11℄. Hene,
∆m221 ≃ m22
(
1− m
4
eΛ
2
2
m4µΛ
2
1
)
= m22
(
1− 5.471× 10−10 Λ
2
2
Λ21
)
,
∆m232 ≃ m23
(
1− m
4
µΛ
2
3
m4τΛ
2
2
)
= m23
(
1− 1.250× 10−5 Λ
2
3
Λ22
)
(12)
and
∆m221
∆m232
≃ m
4
µΛ
2
3
m4τΛ
2
2
1−m4eΛ22/m4µΛ21
1−m4µΛ23/m4τΛ22
= 1.250× 10−5 Λ
2
3
Λ22
1− 5.471× 10−10 Λ22/Λ21
1− 1.250× 10−5 Λ23/Λ22
, (13)
what gives
∆m221 ∼ 3.7× 10−8
Λ23
Λ22
1− 5.471× 10−10 Λ22/Λ21
1− 1.250× 10−5 Λ23/Λ22
eV2 (14)
with the use of the SuperKamiokande estimate ∆m232 ∼ 3× 10−3 eV2.
Sine Λi are muh larger than λi, it may seem that Λi are nearly degenerate: Λ1 ≃
Λ2 ≃ Λ3. In this ase, ∆m221 ≃ m22 and ∆m232 ≃ m23 from Eqs. (12), while Eq. (14)
predits the value
∆m221 ∼ 3.7× 10−8 eV2 (15)
lying in the range of the LOW MSW solar solution and so, being muh smaller than the
orret Large Mixing Angle MSW value ∆m221 ∼ 7× 10−5 eV2. Here,
3
m21 ∼ 2.0× 10−17 eV2 , m22 ∼ 3.7× 10−8 eV2 , m23 ∼ 3× 10−3 eV2 (16)
and, when normalizing λ1 = me (i.e., Λ1 = λ
2
1/m1 = m
2
e/m1), one gets
Λ1 ≃ Λ2 ≃ Λ3 ∼ 5.8× 1010 GeV . (17)
In suh a situation, let us onjeture tentatively that the fermion universality in the
ontext of neutrinos and harged leptons has to be interpreted as the proportionality (at
least approximate) between both their Dira and Majorana [12℄ masses,
λ1:λ2:λ3 ≃ Λ1:Λ2:Λ3 ≃ me:mµ:mτ , (18)
implying through the rst Eq. (6) that
m1:m2:m3 ≃
m2e
Λ1
:
m2µ
Λ2
:
m2τ
Λ3
≃ me:mµ:mτ . (19)
In this ase,
∆m221 ≃ m22
(
1− m
2
e
m2µ
)
= m22
(
1− 2.339× 10−5) ,
∆m232 ≃ m23
(
1− m
2
µ
m2τ
)
= m23
(
1− 3.535× 10−3) (20)
and
∆m221
∆m232
≃ m
2
µ −m2e
m2τ −m2µ
= 3.548× 10−3 , (21)
prediting the value
∆m221 ∼ 1.1× 10−5 eV2 , (22)
when the SuperKamiokande estimate ∆m232 ∼ 3× 10−3 eV2 is used. Here,
m21 ∼ 2.5× 10−10 eV2 , m22 ∼ 1.1× 10−5 eV2 , m23 ∼ 3× 10−3 eV2 (23)
and, when normalizing λ1 = me (i.e., Λ1 = λ
2
1/m1 = m
2
e/m1), one obtains
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Λ1 ∼ 1.7× 107 GeV , Λ2 ∼ 3.4× 109 GeV , Λ3 ∼ 5.8× 1010 GeV . (24)
Conluding, we an see that the predition (22) is not very dierent from the orret
Large Mixing Angle MSW value ∆m221 ∼ 7 × 10−5 eV2. In order to get this value more
preisely, one ought to put in Eq. (14)
Λ23
Λ22
∼ 7× 10
−5 eV2
3.7× 10−8 eV2 = 1.9× 10
3 = 6.6
m2τ
m2µ
(25)
in plae of the simple proportion Λ23/Λ
2
2 ≃ m2τ/m2µ, wherem2τ/m2µ = 282.9. Then, Λ3/Λ2 ∼
43 ≃ 2.6mτ/mµ in plae of Λ3/Λ2 ≃ mτ/mµ, where mτ/mµ = 16.82.
Eventually, it is interesting to remark that, if neutrinos were Dira partiles rather than
Majorana partiles i.e., M eff = M (D) = U diag(λ1, λ2, λ3)U
†
with mi = λi, the fermion
universality for neutrinos and harged leptons might be interpreted as the proportionality
(at least approximate) between their (Dira) masses,
λ1:λ2:λ3 ≃ me:mµ:mτ , (26)
where mi = λi. Then, also in this ase Eq. (21) would hold, prediting the value
(22) for ∆m221 [13℄ whih is not so dierent from the orret Large Mixing Angle MSW
value ∆m221 ∼ 7 × 10−5eV2. One should stress that the value (22) is a parameter-free
predition following from the proportionality (18) or (26) for Majorana or Dira neutrinos,
respetively, as they are investigated in the present neutrino-osillation experiments.
Finally, let us note that writing
m1 =
0
m −δ , m2 = 0m +δ , m3 = 0m +∆ (27)
and using Eq. (1) for U we obtain the formula [14℄
M (L) eff = U

 m1 0 00 m2 0
0 0 m3

U † = 0m

 1 0 00 1 0
0 0 1

+∆

 0 0 00 1
2
1
2
0 1
2
1
2


+δ


− cos 2θ12 1√2 sin 2θ12 − 1√2 sin 2θ12
1√
2
sin 2θ12
1
2
cos 2θ12 −12 cos 2θ12
− 1√
2
sin 2θ12 −12 cos 2θ12 12 cos 2θ12

 . (28)
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In the ase of predition (22) we have from Eq. (23)
m1 ∼ 1.6× 10−5 eV , m2 ∼ 3.3× 10−3 eV , m3 ∼ 5.5× 10−2 eV , (29)
while we get
m2 ∼ 8.4× 10−3 eV , m3 ∼ 5.5× 10−2 eV (30)
if m21 ≪ m22 and we use the experimental estimate ∆m221 ∼ 7 × 10−5 eV2 (and also
∆m232 ∼ 3× 10−3 eV2, as before). Due to the experimental estimate θ12 ∼ 33◦ we an put
in the formula (27) cos 2θ12 ∼ 0.41 and sin 2θ12 ∼ 0.91.
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